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The pressure dependences of the antiferromagnetic and superconducting transition temper- 
atures have been investigated by ac heat capacity measurement under high pressures for the 
heavy- fermion superconductor CePtaSi without inversion symmetry in the tetragonal struc- 
ture. The Neel temperature Tn = 2.2 K decreases with increasing pressure and becomes zero 
at the critical pressure Pap — 0.6 GPa. On the other hand, the superconducting phase exists in 
a wider pressure region from ambient pressure to about 1.5 GPa. The pressure phase diagram 
of CePtsSi is thus very unique and has never been reported before for other heavy fermion 
superconductors. 
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Recently, Bauer et al. reported superconductivity in 
CePtaSi with a non-centrosymmetric tetragonal struc- 
ture (space group P4 mm). 1 ^ Superconductivity with 
the transition temperature T sc — 0.75 K is realized in 
the long-range antiferromagnetic ordered state with the 
Neel temperature Tn = 2.2 K. A large electronic specific 
heat coefficient 7 = 300 - 400 mJ/K 2 -mol and a large 
slope of upper critical field dH c2 /dT (= -8.5 T/K) at T sc 
suggest that superconductivity is based on heavy quasi- 
particles. 

CePtsSi is the first heavy-fermion superconductor 
lacking the inversion center in the crystal structure. 1,2 ) 
It has been thought that a material lacking inversion 
symmetry would be an unlikely candidate for spin-triplet 
pairing. 3 ' 4 ^ Interestingly, the upper critical field H C 2(0) 
(~ 3 T) in CePtsSi exceeds the Pauli-Clogston limit 
(~ 1 T), and triplet paring was suggested in the super- 
conducting state of CePtaSi. 1 ) Recent theoretical stud- 
ies have claimed that the absence of the inversion cen- 
ter does not indiscriminately suppress the spin-triplet 
pairing state. 5 ~ 10 ' It should be noted that recently su- 
perconductivity was found in a ferromagnet Ulr with- 
out inversion symmetry under pressure where the Curie 
temperature approximately becomes zero. 11 ) The rela- 
tion between anisotropic superconductivity and the non- 
centrosymmetric crystal structure is the most crucial is- 
sue to be clarified at present. 

We grew a high-quality single crystal of CePt 3 Si and 
investigated magnetic and electrical properties. 12, 13 - ) It 
was clarified that H C 2(0) was approximately isotropic: 
H c2 (0) = 2.7 T for H || [100] and 3.2 T for H || [001]. 
In the de Haas-van Alphen experiment, the topology 
of the Fermi surface in CePtsSi was found to be most 
likely similar to that of LaPtaSi. Large cyclotron masses 
of 10-20 mo were detected in CePtsSi, which indicates 
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the existence of heavy quasiparticles in this compound. 
In the neutron scattering experiment, a clear antiferro- 
magnetic Bragg peak with Q = (0,0,1/2) was observed 
below Tn and the magnetic moment was determined as 
0.16 /iB/Ce. 14 - 1 The Bragg peak intensity was almost con- 
stant below T sc , which indicates that the antiferromag- 
netic state coexists with the superconducting state. A 
microscopic coexistence between magnetism and super- 
conductivity was also suggested by muon spin relaxation 
(/iSR) and NMR experiments. 15 ~ 17 ) In particular, in the 
NMR experiment, the novel behavior of l/T x T (l/2i: 
195 Pt nuclear spin-lattice relaxation rate) was observed 
below T sc , suggesting that a new class of superconducting 
state is realized in CePtsSi. 

Futhermore, the pressure dependence of the supercon- 
ducting transition temperature T sc was investigated by 
electrical resistivity measurements. 18, 19 ** The transition 
temperature decreases with increasing pressure and fi- 
nally becomes zero at 1.5 GPa. The Neel temperature 
Tn also decreases with increasing pressure, but the pres- 
sure dependence is not clear above 0.8 GPa because the 
change in the resistivity at Tn is too weak to be de- 
tected. In order to clarify the pressure phase diagram 
of CePtsSi, we carried out heat capacity measurement 
under high pressures. 

A detailed description of our sample preparation is 
given in the previous papers. 12, 13, 18 ^ In the present heat 
capacity measurement, we used a high-quality single- 
crystal sample, which was cut from the sample used in 
the previous de Haas- van Alphen experiment. This sam- 
ple was also used in the pressure experiment for the elec- 
trical resistivity and ac susceptibility. The sample size for 
the ac heat capacity measurement was 0.35x0.25x0.05 
mm 3 . 

Heat capacity was measured by the ac calorimetry 
method in a piston cylinder pressure cell. The sam- 
ple was thermally linked with a heat bath and was 
heated by application of an oscillating heating power P = 
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Po[l+cos(wt)] , generated by a current of frequency uj/2. 
The temperature oscillation T ac at the same frequency u> 
was detected with a thermometer attached to the sample. 
Here, T ac depends on the working frequency lo, the heat 
capacity of the sample C, and the thermal conductivity k 
through the following equation 20 ' 21 ) T ac = P /(n + iCLu), 
with i 2 = -1, under the assumption that the thermal 
relaxation in a sample is faster than 1/uj. When work- 
ing above the cut-off frequency lo\ = k/C, T ac is in- 
versely proportional to Clo. The temperature oscillation 
7^ was measured with a AuFe/Au thermocouple (Au + 
0.07 at % Fe) with a diameter of 25 ^m which was di- 
rectly bonded to the sample. The thermovoltage V ac is 
induced by the temperature difference between the sam- 
ple at the temperature (To + AT) and the edge of the 
sample chamber at T . The value of T ac is thus given 
as T ac ~V ac /S, where S is the thermopower of a thermo- 
couple. The sample was heated with a current supplied 
through Au wires with a diameter of 10 fim attached 
to the sample. Frequencies around 100 Hz were used for 
the measurement. In the present method, we could not 
determine the absolute value of the heat capacity. The 
Au- wires and thermocouple contribute to the heat capac- 
ity as a background. It is, however, noted that the signal 
is mainly due to the heat capacity of the sample at low 
temperatures because the volume ratio of the wires to the 
sample is in the order of a few %. The low-temperature 
measurement was performed using a 3 He- 4 He dilution 
refrigerator. We used a hybrid piston cylinder-type cell, 
where the Co-Ni-Cr-Mo (MP35N) inner cylinder was in- 
serted into the Cu-Be outer sleeve. 22 ' 23 ) As a pressure 
transmitting medium, Daphne oil (7373) was used. 

Figure 1(a) shows the heat capacity C ac under high 
pressures. Experimental data obtained under high pres- 
sures are shifted downwards. Here, C ac corresponds to 
the inverse of the amplitude of the temperature oscilla- 
tion T ac . At ambient pressure, a clear heat capacity peak 
was observed at the Neel temperature Tn- The Neel tem- 
perature was determined as Tn — 2.2 K, as shown by an 
arrow. The heat capacity peak around Tn is of the A- 
type, and the peak structure is sharper than those in the 
previous reports. 1 ' 12 ) This might reflect the high quality 
of the present sample. 

Below 0.5 K, the heat capacity indicates another peak 
due to the superconducting transition. The transition 
temperature T sc is determined as T sc = 0.46 K. The value 
is lower than those determined by the resistivity and ac 
magnetic susceptibility measurements (~ 0.7K). 12 ' The 
reason for this discrepancy is not clear. Such a discrep- 
ancy was also found in the heavy fermion superconductor 
Celrln 5 . 24 ) 

The value of AC ac / C ac (T sc ) is 0.33 at ambient pres- 
sure. Here, AC ac is the jump of the heat capacity at T sc 
and C ac (T sc ) is the value of C ac just above T sc , namely, 
corresponding to 7T SC , where 7 is the electronic specific 
heat coefficient. It is noted that a smaller value of 0.25 
was reported in ref. 1. These values are far smaller than 
the BCS value AC/(-fT sc ) = 1.43. This reduction might 
be due to the gapless structure of the anisotropic super- 
conducting gap and/or the high sensitivity of the present 
superconductivity to impurities. 
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Fig. 1. (a)Tcmpcraturc dependence of heat capacity Cac and (b) 
low-temperature part of heat capacity C ac of CePt3Si under high 
pressures. Experimental data under high pressures are shifted 
downwards. Tn and T sc correspond to the Neel temperature and 
superconducting transition temperature, respectively. 

With increasing pressure, the antifcrromagnetic order- 
ing shifts to lower temperatures. The peak at Tn = 2.2 
K becomes weak with increasing pressure and finally be- 
comes a broad hump at 0.47 GPa. The peak was not 
observed in the C ac curve at 0.70 GPa. This indicates 
that the antifcrromagnetic ordering disappears at 0.70 
GPa. The antiferromagnetic critical pressure Paf was 
thus estimated as Paf — 0.6 GPa. 

Figure 1(b) shows the low-temperature part of C ac . 
The peak structure appears at T sc under pressure. T sc 
decreases with increasing pressure. The peak structure 
becomes weak at higher pressures. There is, however, no 
peak structure at 1.29 and 1.57 GPa (not shown in Fig. 1 
(b)). The present result is approximately consistent with 
that of our previous resistivity measurement under high 
pressures; the superconducting critical pressure P sc was 
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Pressure (GPa) 

Fig. 2. Pressure phase diagram of CePtaSi. The data shown by 
closed and open circles correspond to and T sc , respectively. 
The value of T ac determined by the resistivity and ac susceptibil- 
ity measurements are shown by open squares and triangles, re- 
spectively. Solid and dotted lines are guides to the eyes. 

estimated as P sc ~ 1.5 GPa. 18 ) The T sc value at 1.29 
GPa might be below the lowest temperature of our mea- 
surement, 90 itiK. In fact, C ac shows an upturn structure 
below 130 mK at 1.29 GPa. 

Figure 2 shows the pressure phase diagram of CePtaSi 
determined by the present heat capacity measurement, 
together with the superconducting transition tempera- 
tures determined by our previous resistivity p and ac 
susceptibility Xac measurements. 18 ) We did not adopt the 
Neel temperature determined by the resistivity measure- 
ment in Fig. 2 because the change in the resistivity at Tn 
is very small. The Tn value decreases faster than that of 
T sc with increasing pressure. An interesting point is that 
the superconducting phase exists above Paf- 

The pressure dependence of T sc is characteristic, as 
shown in Fig. 2. Namely, T sc decreases as a function of 
pressure, becomes approximately constant from 0.6 GPa 
to 0.8 GPa, decreases further with increasing pressure, 
and becomes zero at P sc ~ 1.5 GPa. The present pressure 
of 0.6 GPa corresponds to the antiferromagnetic critical 
pressure Paf — 0.6 GPa. In the pressure region from Paf 
~ 0.6 GPa to 1.5 GPa, CePtaSi is in the paramagnetic 
state and shows only the superconducting transition. The 
pressure phase diagram of CePtaSi is thus very unique. 

Figure 3(a) shows the pressure dependence of 
AC ac / C ac (T sc ). It is almost constant in the pressure re- 
gion from ambient pressure to Paf and decreases steeply 
above P AF ^ 0.6 GPa. The value of A C ac / C ac ( T sc ) is, 
however, about 0.2 at 0.99 GPa. This indicates that the 
bulk superconducting state survives in the paramagnetic 
phase, namely above Paf — 0.6 GPa. 

The thermocouple AuFe/Au is a dilute Kondo system 
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Fig. 3. (a) Pressure dependence of the jump of the heat capacity 
of CePt3Si at T BC . (b) Pressure dependences of the coefficient of 
the T 2 term in the resistivity (left side) and Vac' (right side) for 
CePt 3 Si. 

and the thermopower S(T) is given as S(T) oc T below 
1 K. Therefore, the value of the inverse thermovoltage 
V^. 1 , which corresponds to [5(T)T ac ] _1 , is approximately 
proportional to C/T at low temperatures. Therefore, the 
pressure dependence of V^" 1 roughly corresponds to the 
electronic specific heat coefficient 7. 

Figure 3(b) shows the pressure dependence of V^" 1 , to- 
gether with that of the coefficient A of the T 2 term in 
the electrical resistivity. Here, the data V^. 1 was obtained 
just above T sc under the same conditions of heater power 
Po, ac current frequency w, and thermal conductivity n. 
At 1.29 and 1.57 GPa, where the superconducting tran- 
sition does not appear, becomes almost constant 
below 0.2 K. This constant value is plotted in Fig. 3. 
The value of V^} decreases with increasing pressure and 
shows a tendency to saturate above 1.0 GPa, as shown 
in Fig. 3(b). Similarly, the A value simply decreases with 
increasing pressure and there is no anomaly around Paf ■ 
These results indicate that there is no divergent feature 
in the pressure dependence of the electronic specific heat 
coefficient 7 at Paf and most likely at P sc . 

We will compare the present result for CePtaSi with 
those for the other heavy-fermion Ce-based superconduc- 
tors. In a prototype superconductor CeCu2Si2, supercon- 
ductivity occurs in a nonmagnetic state that is close to 
antiferromagnetic instability. 25 ' 26 ^ The electronic state 
can be tuned by pressure or the stoichiometric compo- 
sition of a sample. Superconductivity and antiferromag- 
netism are basically competitive and do not coexist in the 
compound. This is quite different from the characteristic 
feature of CePtaSi. Namely, superconductivity coexists 
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with antiferromagnetism in CePtaSi. 

Another example is pressure-induced superconductiv- 
ity in Celn 3 , CeRh 2 Si 2 , and CePd 2 Si 2 . 27 - 31 ) These com- 
pounds show antifcrromagnetic ordering at ambient pres- 
sure. Tn decreases with increasing pressure. Supercon- 
ductivity appears around the magnetic critical region 
where Tn becomes zero, namely around Paf- Supercon- 
ductivity is considered to be mediated by low-energy 
magnetic excitations around the magnetic critical region 
where the heavy-fermion state is realized. The supercon- 
ducting phase exists in a narrow pressure region around 
the magnetic critical region, and T sc becomes a maxi- 
mum around the critical pressure Paf- These features 
are quite different from those of CePtaSi where the bulk 
superconducting phase exists in a wide pressure region 
above and below Paf, and T sc does not shows a maxi- 
mum at Paf- The maximum T sc is realized at ambient 
pressure. The present superconductivity is most robust 
at ambient pressure. It is suggested from the pressure 
dependence of V ac that the critical pressure Paf is not 
of second order but of first one. Therefore, superconduc- 
tivity in CePtsSi is different from superconductivity as- 
sociated with magnetic instability around the magnetic 
critical region. 

The relation between antiferromagnetism and super- 
conductivity in CePt 3 Si is thus very unique. One might 
speculate that the superconducting and antiferromag- 
netic phases compete with each other below Paf and 
the former overcomes the latter above Paf- However, 
it should be noted that both ordering temperatures de- 
crease with increasing pressure up to Paf and that both 
T sc and AC ac / C ac (T sc ) decrease above Paf- It seems to 
be difficult to consider these experimental results from 
a competitive relation between the two states. From the 
pressure dependence of T sc , it is supposed that the cou- 
pling between the antiferromagnetic and superconduct- 
ing states is basically weak. In order to clarify the re- 
lation between the two states, further study is needed. 
In particular, it is needed to investigate the change in 
the microscopic superconducting properties such as the 
paring symmetry across Paf- 

In conclusion, we constructed the pressure phase di- 
agram of the heavy-fermion superconductor CePt 3 Si by 
ac calorimetry. The bulk superconducting phase exists in 
a wide pressure region from ambient pressure to about 
1.5 GPa, which is far above the antiferromagnetic critical 
pressure Paf — 0.6 GPa. The overall features of pressure 
phase diagram of CePt 3 Si are different from those of the 
other heavy-fermion superconductors. Furthermore, it is 
emphasized, on the basis of the results of the present 
pressure experiment, that superconductivity in CePtaSi 
is most robust at ambient pressure where the antifcrro- 
magnetic ordered state is realized. 
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